It is known that renal cell carcinoma (RCC) is responsible for 3% of all malignancies. In America, it is estimated that approximately 58,000 new cases were diagnosed and 13,000 patients died from RCC in 2010 (1). It is the seventh most common malignancy in men and the ninth most common in women, and occurs predominantly in the sixth and seventh decades of life (1).
is still not well defined (3) . Therefore, individual markers of tumor aggressiveness are needed (4) (5) (6) .
CD44 and its variants constitute a protein family that is expressed in the cytoplasmic membrane and mediates cell-cell and cell-extracellular matrix interactions. It is encoded by a single gene and is subjected to post-translational modifications through alternative splicing. Its chief ligand is hyaluronic acid, an important component of the extracellular matrix (ECM) (7) . As a molecule involved in mechanisms of cell motility, CD44 has been used as a marker of tumor aggressiveness in a number of malignancies such as stomach, liver and breast. However, in RCC there are contradictory results, with some series supporting the role of CD44 as a prognostic marker (8) (9) (10) while in other studies its importance as a predictor of survival was not confirmed (11, 12) .
The purpose of this study was to analyze the immunohistochemical expression of the standard isoform of CD44 (CD44s) in clear cell RCC (CCRCC) and examine its association with pathological features and its impact on clinical outcomes.
MATERIALS AND METHODS

Patients
Ninety-nine consecutive patients submitted to radical nephrectomy or partial nephrectomy for RCC between 1992 and 2009 were selected from the medical records of our institution. The clinical data were obtained from medical charts in the hospital archives. A single pathologist (IWC) reviewed all cases to effect a uniform reclassification and determined the most representative tumor areas for construction of a tissue microarray. Our internal review board approved this study.
The following variables were included in the data bank: age, gender, ECOG status, smoking status, time since diagnosis, type of surgery, staging (TNM AJCC/UICC 2002), Furhman grade, histological subtype (World Health Organization (WHO) 2004), microvascular invasion (MVI), lymph node involvement, presence of tumor necrosis, follow-up period, presence of metastases, clinical situation at the end of the study, storage time of the paraffin embedded samples and immunohistochemical expression of CD44s.
Construction of tissue microarray
Two cylinders, measuring 2 mm in diameter, taken from different parts of the tumor were used to build a tissue microarray (TMA). Two cylinders from previously evaluated tumors--one that was positive for CD44s and one that was CD44s-negative--were included as internal controls. Sequential 4µm sections were generated and stained with hematoxylin and eosin (the first and last sections) to confirm the diagnosis, and the intervening sections were examined by immunohistochemistry.
Immunohistochemistry
The sections were mounted on positively charged glass slides, dried for 30 min. at 37° C, deparaffinized in xylene, and rehydrated in a series of graded alcohols. The sections were then incubated with a primary antibody against CD44 standard isoform (Novocastra® clone F10-44-2, Newcastle, UK) at 1:40 for 30 minutes. All immunohistochemistry procedures were performed automatically in a Link 48 autostainer (DAKO®) using the Flex Plus visualization system according to the supplier's specifications. For control staining of CD44s, 17 specimens of non-neoplastic renal parenchyma that were at least 1.0 cm from the tumor lesion were included. Both renal cortex and renal medulla were evaluated.
The same pathologist, who was blinded to the outcome of the cases, semi-quantitatively scored the staining intensity of CD44s in all specimens. The counting was done using the H-Score algorithm (13) . For H-score assessment, fields were at x400 magnification and the staining intensity in the malignant cell was scored as 0, 1, 2, or 3 corresponding to the presence of negative, weak, intermediate, and strong brown staining, respectively. The total number of cells in each field and the number of cells stained at each intensity were counted. The average percentage positive was calculated and the following formula was applied: HScore = (% of cells stained at intensity category 1 x 1) + (% of cells stained at intensity category 2 x 2) + (% of cells stained at intensity category 3 x 3). A H-Score between 0 and 300 was obtained where 300 was equal to 100% of tumor cells stained strongly (3+). For better interpretation, categories "low-" and "high-" expression levels were used based on the median value of H-Score algorithm.
Statistical Analysis
Analyses were performed using SPSS for Windows, version 17.0 (SPSS®, Chicago, Ill). To verify the association between CD44s expression and other variables, Pearson chi-square test was performed. Fisher's exact test was applied to cases in which the expected frequency was less than 5. The level of significance was 5%. Comparisons between the degrees of expression of CD44s in non-neoplastic renal parenchyma and CCRCC tissue were made by Kruskal-Wallis test and Mann-Whitney test.
Disease-specific survival (DSS) was defined as the interval between the primary surgery and the last follow-up visit or disease-related death. Progression-free survival (PFS) was defined as the interval between the primary surgery and the last follow-up visit if the patient showed no evidence of disease, recurrence, or metastasis of RCC. DSS and PFS were examined using Kaplan-Meier curves. To compare the estimated curves for each category within a given variable, log-rank test was used. The level of significance was 5%. Cox proportional hazards model was used to determine which variables influenced survival. Variables that significantly impacted survival in univariate analysis were included in multivariate analyzes. The confidence interval was 5%.
RESULTS
Characterization of patients
Of the total 99 patients, 71 (71.7%) patients underwent radical nephrectomy; 28 (28.3%) were treated with nephron-sparing procedures, all of which had negative margins. The patients ranged from age 27 to 79 years (average 55.5 years). The mean postoperative follow-up period was 43 months and ranged from 0 to 178 months. There was metastatic disease at the initial clinical presentation in 13 (13.3%) patients; 50/99 (51.5%) presented with T1 stage disease. The cohort mean tumor size was 7.4 cm. Over 5 years, 21 (21.2%) patients died of CCRCC. The clinical and pathological features of the patients are listed in Table-1. Of the 99-immunostained RCC specimens, 57 (57.6%) showed low expression, and 42 (42.4%) showed high expression of CD44s, which was evenly distributed through the plasma membrane, cytoplasm and cell nucleus (Figure-1) . In fact, it was observed an even distribution of the staining instead of the presence of high spots. Additionally, when divided into two groups according to storage time of the paraffin embedded samples (up to 10 years and above 10 years), we noted no significant impact on staining intensity (p = 0.42).
CCRCC cases expressed higher levels of CD44s compared with normal tissue (p = 0.01). The mean expression score for CD44s in non-neoplastic tissues was 88 (sd = 11.1, median = 81). In CCRCC samples, the mean score was 143 (sd = 12.9, median = 149) (Figure- Table- 1.
Survival analysis
Disease-related death occurred in 21 patients (Table-2) .
DSS rates based on CD44s expression are shown in Figure-3A . The 5-year DSS for patients whose specimens expressed low and high levels of CD44s was 88.1% and 67.5%, respectively (p = 0.009). Five-year PFS rates in patients with low and high expression of CD44s were 78.8% and 61.7%, respectively (p = 0.05) (Figure-3B) .
In the multivariate analysis, clinical stage (p < 0.001), metastasis at diagnosis (p < 0.001), and the presence of necrosis (p = 0.05) were independent predictors of DSS. However, with regard to PFS, only clinical stage (p < 0.001) and metastasis at diagnosis (p < 0.001) were predictive factors. CD44s tissue expression was not an independent predictor of DSS (p = 0.842) or PFS (p = 0.211) ( Table-2) .
DIScUSSION
Due to the increasing use of radiological procedures, particularly ultrasonography, the number of tumors that are diagnosed in the early stages is rising. Small renal masses (SRM) constitute a significant percentage of tumors that are diagnosed incidentally (14) . These tumors can be benign in up to 30% of cases, and 20% to 30% of malignancies demonstrate the potential for aggressive behavior, such as tumor progression and metastasis (14, 15) . Percutaneous renal biopsies have expanded the indications for early-stage tumors, because a significant percentage of SRM can be treated with less aggressive approaches (16) . In such cases, active surveillance protocols remain a therapeutic option for patients with short life expectancies or presenting comorbidities limiting surgical treatment (17) . Therefore, we seek to identify molecular markers that have prognostic impact and may assist in therapeutic strategies.
The cell surface glycoprotein CD44 ranges in size from 80 to 200 Kd, as described by Naor et al. in 1997 (18) . A gene that lies on the short arm of chromosome 11 and mediates cell-cell interactions, cell adhesion, and migration encodes it. CD44 is the principal cellular ligand of hyaluronic acid, a glycosaminoglycan that abounds in the ECM. Described initially in mechanisms of lymphocyte activation and hematopoiesis, CD44 is an important molecule that regulates the biology of neoplastic cells, especially in interactions between cells and the ECM during tissue invasion and metastasis (11, 19, 20) .
In our study, we observed that immunohistochemical expression of CD44s was significantly lower in non-neoplastic cells compared with RCC tissue (p = 0.01). Such observation only confirms previous reports regarding the metabolism of CD44. It is known that during embryogenesis, the epithelium of the Wolffian or paramesonephric duct expresses CD44, down regulating its expression during differentiation of specialized collecting tubular epithelium (21) . During malignant transformation, the up regulation of CD44 in the distal and proximal tubular epithelium might reflect a more embryonic and dedifferentiated state of neoplastic renal cells. During embryogenesis, cells are highly invasive and assume many properties of metastatic cells, such as high levels of adhesion molecules and proteases (22) . We noted that the expression of CD44s was distributed uniformly among cellular compartments. In fact, CD44 is composed of extracellular, transmembrane, and cytoplasmic domains. The extracellular domain of CD44 interacts with ECM, and the intracellular domain is associated with the actin cytoskeleton via binding to ERM (ezrin, radixin, and moesin) proteins. Cleavage of the ectodomain is mediated by membrane-associated matrix metalloproteinases such as MT1-MMP, ADAM10, and ADAM17. The release of the soluble ectodomain from the membrane is responsible for dynamic regulation of the interaction between CD44 and the ECM during cell migration on a HAcontaining substratum. The ectodomain cleavage also triggers the intramembrane cleavage of CD44. The second cleavage releases the CD44 intracellular domain into the cytoplasm, which migrates to the cell nucleus and through a feedback mechanism stimulates the production of new molecules of CD44 (23) . Therefore, it is expected a uniform distribution of the staining of CD44 on the cell membrane, cytoplasm and cell nucleus as observed in our study.
The exact mechanism by which CD44 influences tumor recurrence or progression is unknown. Active migration of tumor cells in ECM is a prerequisite for tumor cell invasion and metastasis. As the principal ligand of hyaluronan, it is possible that CD44 mediates mechanisms of neoplastic cell adhesion (24) or signal transduction in tumor cells following receptor-mediated adhesion to ECM proteins (25) . Still, it is known that CD44 molecule can undergo post-translational modifications such as alternative splicing. Previous studies describe CD44v5 and CD44v6 as variants presenting oncogenic potential (10, 26) .
In our study, we observed that the expression levels of CD44s were associated with several clinical and pathological features such as tumor size (p = 0.03), N stage (p = 0.003), Fuhrman grade (p = 0.02) and clinical stage (p = 0.02). High expression levels of CD44s were associated with larger tumors, high Fuhrman grade tumors and advanced disease. It is known that high Fuhrman grade tumors have a more aggressive phenotype and are associated with higher likelihood of local invasion and distant metastasis (5) . Therefore, it is expected that the metabolism of adhesion molecules such as CD44s be increased in such tumors favoring the spread of tumor cells. It is also known that larger tumors are associated with advanced disease, which explains the lower survival rates observed in patients presenting high expression levels of CD44s (14) .
There are few studies describing the impact of CD44s in RCC. And many of the results are contradictory, which stimulated the research for this marker in our series. Our findings confirm those of previous published series. Paradis et al. performed a seminal study on the prognostic role of CD44s in 91 cases of RCC who were treated surgically, reporting a link between CD44s and tumor size, Fuhrman grade, and T stage (8). Lim et al. evaluated the prognostic value of CD44s in 125 cases of RCC of which 89 cases (71%) were composed of patients with metastatic disease. The authors reported greater expression of CD44s in metastatic tumors and described such marker as an independent predictor of PFS in their series (9) . We believe that the differences between our series in which only 29% of patients progressed to metastatic disease, and Lim et al. series might explain the fact that CD44s was not confirmed as a predictor of survival in our study. Previous series confirm our findings (11, 12) . Altinel and his colleagues from Turkey described increased expression of CD44s in tumors presenting venous thrombi, suggesting more aggressive behavior of tumors within this group (27) . However, previous series have not reported an association of CD44 with pathological variables or survival rate (28, 29) .
Patients with higher levels of CD44s had lower DSS and PFS rates on univariate analysis. However, the pattern of expression of CD44s was not an independent predictor of survival in multivariate analysis. In fact, classical parameters such as the presence of tumor necrosis, metastatic disease and advanced clinical stage remained as significant predictors of DSS and PFS.
Our study has some limitations that must be mentioned. It represents a single-center retrospective analysis performed by a single pathologist with a small group of patients. Also, it is subject to criticism due to the immunohistochemical technique itself such as problems posed by inadequate technique of fixation in formalin material.
cONcLUSIONS
Although immunohistochemical expression of CD44s was associated with important clinical variables such as stage and Fuhrman grade, its prognostic value was not confirmed in survival multivariate analysis. Therefore, we believe it has a limited role as a prognostic marker in patients with CCRCC.
